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Isokinetic Measures During Concentric-Eccentric
Cycles of the Knee Extensors
The purpose of this study was to examine the
peak and average torques produced by the knee
extensors during continuous concentric-
eccentric cycles at angular velocities of 45, 90,
135, and 180/s. Forty-one healthy females (mean
age 26 years) were tested through the range of
80 to 10 flexion on a computeriseddyna-
mometer. Peak torques were significantly
greater than average torques, and eccentric
torques were significantly greater than
concentric torques at a/l angular velocities
(p <0.01). As angular velocity increased,
concentric peak and average torques decreased
(-26 % and -21 %, respectively), whereas
eccentric torques varied only slightly (3% and
5%, respectively). The extent to which
eccentric testing may provide additional
information about muscle performance and aid
in clinical decisions requires further study.
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Computerized isokinetic dynamo-
meters can be used to provide a variety
of resistive exercise programmes, re-
cord patient performance throughout
the rehabilitation period and adminis-
ter standardized tests before and after
rehabilitation. Isokinetic assessments,
which' have traditionally been restricted
to concentric or shortening muscle ac-
tions, using measures such as peak
torque, the angle of occurrence of peak
torque and torque at selected joint an-
gles, can be expanded to include similar
measurements during eccentric or
lengthening muscle actions. In addi-
tion, measures such as average torque,
work, power, concentric/eccentric ra-
tios and peak/average torque ratios and
correction for the effects of gravity on
the limb segment and equipment
weights, can be expected to be increas-
ingly used during patient assessment as
computers take on the task of calcu-
lation. Although computerized dyna-
mometers cannot replace traditional
exercise and assessment techniques us-
ing manual resistance or free weights
in all patient situations, these dyna-
mometers are a clinical tool which, we
believe, will be increasingly incorpo-
rated into physiotherapy research/
practice. For these reasons, it will be
to the therapist's advantage to have
some familiarity with the variety of test
procedures, representative values for
some of the available criterion meas-
ures, and in particular, eccentric mus-
. cle capability.
Concentric and Eccentric Muscle
Actions
Eccentric capability of the elbow
flexors (Doss and Karpovich 1965,
Singh and Karpovich 1966, Komi 1973,
Rodgers and Berger 1974, Jorgensen
1976, Griffin 1987) and extensors
(Singh and Karpovich 1966, Komi 1973,
Jorgensen 1976), the knee flexors
(Smidt 1973, MacIntyre and Wessell
1988, Strauss and Wood 1988) and ex-
tensors (Smidt 1973, Bennett and
Stauber 1986, Hanten and Ramberg
1988, Maclntyre and Wessel 1988,
Strauss and Wood 1988, Tredinnick
and Duncan 1988), and the hip abduc-
tors (Olson et al 1972) have been re-
ported to be greater than concentric
capability. The precise relationship be-
tween concentric and eccentric torques
has, however, varied with the joint ac-
tion studied (Singh and Karpovich
1966, Komi 1973, Jorgensen 1976,
MacIntyre and Wessel 1988, Strauss
and Wood 1988), with the specific joint
angle at which the comparison was
made (Doss and Karpovich 1965, Singh
and Karpovich 1966, Olson et al 1972,
Smidt 1973, Bennett and Stauber 1986)
and with the angular velocity used dur-
ing testing (Komi 1973, Rodgers and
Berger 1974, Jorgensen 1976, Griffin
1987, Hanten and Ramberg 1988,
Strauss and Wood 1988, Tredinnick
and Duncan 1988). In general, these
studies are in agreement with the classic
force-velocity pattern described by Hill
(1951) - concentric capability de-
creases as velocity increases, while ec-
centric capability increases. Hill's work
was based on the linear velocity of
muscle actions, using animal prepara-
tions. During in vivo isokinetic tests,
the joint's angular velocity is constant,
but the linear velocity of the muscle
action is not constant (Hinson 1976).
For this reason, only general compari-
sons to the classic pattern are appro-
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priate. Because isokinetic tests are
commonly used to describe in vivo
muscle capability, responses to changes
in angular velocity are more clinically
important than are strict comparisons
to the classic pattern.
Practically, the knee extensors are
among the most commonly treated
muscle groups, and patients frequently
exercise at and perform functionalac-
tivities at different angular velocities.
Three investigations which tested the
knee extensors eccentrically did so using
only one angular velocity each, 13°/s
(Smidt 1973), 30 0 /s (Bennett and
Stauber 1986) and 2000 /s (MacIntyre
and Wessell 1988). Recently, Hanten
and Ramberg (1988) reported concen-
tric and eccentric torques for 15 female
subjects at angular velocites of 30, 60,
90, 120, 150, 180 and 200 0 /s, and Tre-
dinnick and Duncan (1980) reported
torques for 14 male subjects at veloci-
ties of 60, 120 and 1800 /s. However,
neither study elaborated on the com-
parison of concentric and eccentric
torques, nor on the comparison of
torques at different angular velocities.
Their tabulated data indicates that con-
centric torques decreasfd as angular
velocity increased, while eccentric
torques remained relatively stable.
As a result of the variety of test
methodologies that are available,
particularly when using computerized
dynamometers, the extent to which
scores derived using different test
methodologies can be compared is un-
clear. For example, muscle force has
been reported to be enhanced, termed
force potentiation, if a concentric ac-
tion is immediately preceded by an ec-
centric action (Cavagna et at 1968,
Komi 1986). So as not to potentiate
the concentric torques, as well as being
a result of equipment limitations, con-
centric and eccentric muscle actions
have frequently been tested separately,
without a preceding dynamiccontrac-
tion of the same muscle group. Vol-
unteers tested during pilot work for the
present study reported that performing
eccentric muscle actions without a pre-
ceding dynamic contraction was diffi-
cult to learn and felt abnormal, par-
ticularly so at higher angular velocities
of 135 and l80 0 /s. They had minimal
difficulty learning to perform contin-
uous cycles, without a pause between
the concentric and eccentric phases, and
stated a marked preference to begin
with the concentric action. Continuous
cycles have been used in previous in-
vestigations which tested the elbow
flexors of healthy subjects (Griffin
1987), the knee extensors of patients
with anterior knee pain (Bennett and
Stauber 1986), and the knee extensors
and flexors of patients with patellofe-
moral pain syndrome and healthy sub-
jects (MacIntyre and Wessel 1988).
Griffin (1987) did so because this was
the standard protocol in the associated
physical therapy clinic. Hanten and
Ramberg (1988) tested the knee exten-
sors at several angular velocities using
a I s pause between the concentric and
the eccentric phases, although they did
not indicate their rationale for doing
so or if the subjects rested or main-
tained a high contraction intensity dur-
ing this period. Tredinnick and Duncan
(1988) used a 5 s pause between phases,
in order to provide a rest period and
to minimize any potentiation effect.
Strauss and Wood (1988) used a 0.120 s
pause between the concentric and ec-
centric phases, in order to allow force
to decrease to isometric levels and
achieve a normal torque capability pat-
tern. These studies illustrate some of
the approaches to testing; continuous
cycles, isolated muscle actions com-
pleted from rest and a brief pause be-
tween phases. Their relative merits,
with respect to torque produced, suit"
ability to all subjects/patients and re"
liability, have not been reported.
While some investigators have used
peak torque as the criterion measure
(Bennett and Stauber 1986, Gri[fin
1987, Hanten and Ramberg 1988,
MacIntyre and Wessel 1988, Tredin-
nick and Duncan 1988), others have
reported the torque at a specific joint
angle (Doss and Karpovich 1965, Singh
and Karpovich 1966, Olson et at 1972,
Jorgensen 1976), the torque averaged
over a portion of the range of motion
(Komi 1973, Rodgers and Berger 1974),
and the work done (Tredinnick and
Duncan 1988) and power (Strauss and
Wood 1988) within a specified range
of motion. At this time, there appears
to be no single criterion measure that
is universally accepted as the best in-
dicator of muscle capacity. BecaUse
peak torque may occur at different
joint angles, and is affected by angular
velocity and muscle action, compari-
sons based on peak torque have the
disadvantage of different knee extensor
lever arm lengths (Strauss and Wood
1988). Measures such as average torque
or torque at a specific joint angle, how-
ever, provide similar or the same lever
arm lengths and yield more appropriate
comparisons if interest lies with muscle
forces. The suitability of the various
criterion measures in describing muscle
function in healthy individuals and pa-
tients, and their relationship to func-
tional performance, are yet to be fully
described.
The purpose of this study was to
examine peak and average torques, and
peak/average torque ratios during con-
tinuous concentric"eccentric cycles of
the knee extensors, at angular velocities
ranging from slow (45 0 Is) to moder-
ately fast (180 0 /s). The secondary pur-
pose was to examine the relationship
between concentric and eccentric
torques, and between peak and average
torques at different angular velocites.
Method
Subjects
Forty-one informed female volun-
teers completed testing of the knee ex-
tensors of the dominant leg, defined to
be that leg with which they would kick
a ball. The subjects 'ranged in age from
2Ho-41 years (mean age 26 years), in
height from \.50 to 1.78 m (mean
height 1.76 m) and in weight from 423
to 743 N (mean weight 589 N). All of
the subjects reported the dominant leg
to be free of any pathology and they
described no other medical condition
which might limit exercise perform-
ance. The majority of subjects were
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physiotherapists or physiotherapy
students and had previous experience
u~ing isotonic and isokinetic exercise
equipment.
Test Procedure
All testing was completed using the
Kinetic-Communicator (KinCom
MedEx of Canada, Inc, Coquitlam,
BC, Canada), a hydraulically driven,
computer controlled dynamometer.
The accuracy of the load cell force
measurement system was determined to
be within 2070 error, at the start and
the end of the study. This determina-
tion was made by hanging precision
weights, ranging from 100 to 800 N,
from the load cell with the resistance
application arm in the horizontal
position. All subjects completed one
practice session approximately 48 hours
before testing. The practice session in-
cluded submaximal and maximal ef-
forts at 45, 90, 135 and 180°/s angular
velocities, and rehearsal of the test pro-
cedure. The angular velocities were
presented sequentially from slow to
faster during the practice session in
order to facilitate learning to perform
the concentric-eccentric cycles. How-
ever, their sequence of presentation was
randomly assigned during the test to
minimize any biasing effects produced
by their order of completion or fatique.
The subject was positioned sitting
against a back support, such that a hip
angle of approximately 80° flexion was
produced. Additional stabilization was
provided by a seat belt secured diag-
onally across the iliac crests so that the
subject's seat was held firmly down
against the test table. During testing,
the subject grasped the sides of test
table and maintained their seat on the
test table and their back against the
back support. Foam padding was
placed under the subject's popliteal
fossa to mimimize any compression-
related discomfort during muscle con-
tractions. The rotational axis of the
dynamometer was positioned to coin-
cide with the lateral epicondyle of the
subject's knee during practice contrac-
tions, thereby compensating for the soft
tissue compression that occurred dur-
ing the knee extension contractions.
The resistance pad was positioned at
the distal-most point on the lower leg
which still allowed full ankle dorsi-
flexion. Correction for the effects of
gravity on the weight of the lower limb
segment and the resistance pad was
included in all tests. The gravity cor-
rection factor was determined at an
angle of approximately 45° below the
horizontal, thereby preventing the thigh
weight from incorrectly affecting the
gravity correction factor. The com-
puter then calculated and applied the
appropriate correction factor at other
angles throughout the range of motion.
The knee extension movement was
completed from 90° to 0° flexion. The
initial concentric action was followed
by an eccentric action, with no pause
between the changes in direction of the
dynamometer arm. During the con-
tractions the subjects were encouraged
by the tester, through moderately loud
verbal instructions. They did not view
the force patterns on the computer
monitor and received no form of per-
formance feedback during testing.
During practice and testing, the sub-
ject completed at least three submaxi-
mal concentric-eccentric cycles, at
gradually increasing effort, followed
by at least one maximal cycle. Subjects
were given the opportunity to complete
additional practice efforts if they felt
that they could not perform maximally
during both the concentric and eccen·
tric phases. After a two-minute rest,
the subject completed three maximal
cycles, which were recorded on a com-
puter disk for analysis.
Data Analysis
The boundaries of the range of
motion to be analysed were set at 80°
and 10°, thereby allowing the subject
10° movement at each end of the range
of motion for acceleration and tension
development, and to remove from the
torque record any impact artifacts that
might occur as the direction of rotation
of the dynamometer arm changed. The
subjects were not advised that the
analysis zone would be slightly reduced
and they were encouraged to contract
maximally throughout the full range of
motion. The two highest torque pat-
terns produced at each angular velocity
were averaged and used for analysis.
A three-way analysis of variance
(ANOYA) procedure (two measures by
four angular velocities by two contrac-
tion types), with repeated measures on
all factors, was used to examined the
absolute torques for statistically sig-
nificant differences. A two-way
ANOYA procedure (four angular ve-
locities by two contraction types), with
repeated measures over both factors,
was used to test the peak/average
torque ratios for statistically significant
differences. Following significant
F-ratios, a Newman-Keuls technique
was used to compare selected pairs of
means (Winer 1971). The 0.05 level was
adopted as the minimal level for sta-
tistically significant differences
throughout testing.
Pearson Product Moment Correla-
tion Coefficients were calculated to de-
termine the relationship between con-
centric and eccentric torques, and
between the peak and average torques.
The magnitude of the correlation
coefficient was compared to the tabled
values to determine if it differed sig-
nificantly from zero, the expected value
if there was no significant relationship
between the particular variables (Weber
and Lamb 1970).
Results
Peak and Average Torques
Figures 1 and 2 illustrate the peak
and average torque data. All seven F
ratios were statistically significant on
the three-way ANOYA (p < 0.03). Dur-
ing both concentric and eccentric
muscle actions, and at all four angular
velocities, the peak torques were sig-
nificantly greater than were the average
torques: the eccentric muscle actions
produced significantly greater torques
than did the concentric actions at all
velocities (p<0.01). Concentric peak
and average torques decreased 26070 and
21 %, respectively, whereas eccentric
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Figure 1: Peak torques during concentric (_) and eccen-
tric (1lllll!I) muscle actions at four angular velocities - the
vertical lines represent standard deviations.
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Figure 2: Average torques during concentric (_) and
eccentric (1Illlll!) muscle actions at four angular velocities
- the vertical lines represent standard deviations.
Table 2:
Correlations between the peak and average torques (n =41)
Angular Muscle Action
Velocity Concentric Eccentric
Table 1:
Correlations between concentric and eccentric torques (n =41)
Angular Velocity - Muscle Action Peak Average
Combination Torque Torque
0.76
0.78
0,72
0.61
0.80
0.80
0.74
0.62
45°/s 0.94 0.96
90 0 /s 0.96 0.96
135°/s 0.96 0.94
1800 /s 0.95 0.96
All correlations are statistically significant at p<O.01
45°/s Concentric - 45°/s Eccentric
90 0 /s Concentric - 90 0 /s Eccentric
135°/s Concentric - 135°/s Eccentric
180 0 /s Concentric - 1800 /s Eccentric
peak and average torques varied over
only 3070 and 5% respectively. Each
concentric torque was significantly dif-
ferent from other concentric torques,
Whether calculated using peak or aver-
age torques (p<O.Ol). No significant
differences were observed between the
eccentric peak torques at 90 and 180°/
s, or between those at 45, 135 and
180°/s velocities. The eccentric peak
torque at 90° /s was, however, signifi"
cantly greater than those torques at 45 .
and 135°/s velocities (p<0.0l). No sig-
nificant differences were observed be-
tween the eccentric average torques at
45 and 90°Is, or between those at 135
and 180° /s velocities. The average
torques at 45 and 90°Is, however, were
significantly greater than those at 135
and 1800 /s velocities (p<0.01).
Correlations
Concentric and eccentric torques
were moderately related (P < 0.0 1),
whether calculated using peak or aver-
age torques, at all four angular veloci-
ties (Table 1). However, the magnitude
of the correlation coefficient decreased
as the angular velocity increased. Peak
and average torque demonstrated a
highly statistically significant relation-
ship (p<0.01), which varied little with
changes in angular velocity (Table 2).
All correlations are statistically significant at p<O.01
Table 3:
Peak/average torque ratios at four angular velocities (n =41)
Muscle Action Angu/ar Velocity
45°/s 900 /s 135°/s 180 0 /s
PeaklAverage Concentric 130a 127 126 121
Torque Ratio (%) (11)b (8) (7) (9)
Eccentric 130 133 137 136
(10) (11) (16) (12)
aMean bStandard deviation
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PeaklAverage Torque Ratios
All three F ratios were statistically
significant (p<0.01) on the two-way
ANOVA. At th~ angular velocities of
90, 135 and 180 0 Is, the ratio associated
with the eccentric muscle action was
significantly greater than was the ratio
associated with, the concentric action
(p<0.01). The concentric ratios de-
creased as angular velocity increased,
while the eccentric ratios increased
(Table 3). During the concentric ac-
tions, no significant differences were
observed between the ratios at 45, 90
and 135°Is, all of which were greater
than that produc~d at 1800 Is velocity
<p<O.Ol). During the eccentric actions
the ratio associated with the 45° Is an-
gular velocity, was significantly l~ss
than those ratios associated with the
135 and the 1800 Is (p<0.01) velocities.
No significant difference was observed
between the eccentric ratios at 45 and
90°Is, nor between those at 90, 135
and 180°Is velocities.
Discussion
The present study should be inter-
preted in relation to the methodology
describ~d. We studiedconcentric-ec-
centric aqtion cycles, witnout a pause
between concentric and eccentric
phases, becaus~ this technique was easy
to learn and was readily performed by
all s\lbjects. During continuous cycles,
the muscles do not relax between the
phases and tension does not drop to
zero, as would be the case if the muscle
began from a relaxed position. As a
result of the computer control, a va-
riety of test methodologies are avail-
able. Their relative usefulness, and
safety, are yet to be determined.
Peak Torque and Average Torque
During both concentric and eccentric
muscle actions the average torque over
the range of 80° to 10° flexion was
significantly lower than was the peak
torque within the same range, at all
angular velocities tested. The two
measures are not interchangeable.
While peak torque represents maximal
capability at one point, average torque
represents typical capability through-
out the specified range of motion. Since
average torque may be used to calcu-
late work done (by multiplying by an-
gular displacement) and power (by
multiplying by angular velocity) (Sale
and Norman 1982), average torque
might serve as a convenient measure
to represent both work and power.
The relationship between peak and
average torque was highly significant
during both concentric and eccentric
muscle actions, and at all angJllar velo-
cities. Previous investigators have im-
plied a similar relationship during
isokinetic GonGentric contractions
(Morissey 1987, Rothstein et al 1983).
Morrissey (1987) reported peak torque
and power to be highly correlated,
while Rothstein et al (1983) reported
peak torque and power to be highly
related. They desGribed specific linear
regression equations by which power
could be predicted from knowledge of
peak torque and angular velocity
(Rothstein et al 1983). The present in-
vestigation adds to previous observa-
tions that a strong relationship also
exists between peak and average
torques during eccentric muscle ac-
tions.
Concentric and Eccentric Muscle
Actions
The observation that eccentric
torques were greater than were con-
centric torques is in agreement with
previous investigations (Doss and Kar-
povich 1965, Singh and Karpovich
1966, Olson et al 1972, Smidt 1973,
Komi 1973, Rodgers and Berger 1974,
Jorgensen 1976, Bennett and Stauber
1986, Griffin 1987, Hanten and Ram-
berg 1988, MacIntyre and Wessel 1988,
Tredinnick and Duncan 1988). The
concentric-eccentric differential has
varied widely in these studies, with
those investigators using continuous
cyles reporting lower differentials (Ben-
nett and Stauber 1986, Griffin 1987,
MacIntyre and Wessel 1988). Because
the test procedure, continuous cycles
or isolated muscle actions, may affect
the absplute torque scores, it may be
most appropriate to confine compari-
sons of absolute torque magnitudes to
similar methodologies.
As indicated by the standard devia-
tion bars in Figures 1 and 2, variability
was greater during eccentric than dur-
ing concentric actions. Although the
standard deviations during concentric
actions were similar in magnitude, be-
cause concentric torques decreased as
angular velocity increased,. the stand-
ard deviation represented a greater pro-
portion of the associated mean at the
faster velocities. These factors may be
responsible for the observation that the
concentric and eccentric torques were
only moderately related and that the
strength of this relationship decreased
as angular velocity increased. At this
time, the extent to which knowledge of
eccentric capability provides additional
information about muscle function is
yet to be determined, particularly so
for patients with different pathologies.
Angular Velocity Effect
The observation that concentric
torques decreased markedly as angular
velocity increased, while eccentric
torques increased slightly or plateaued
is in agreement with previous studies
which tested the elbow (Komi 1973,
Jorgensen 1976, Griffin 1986) and the
knee (Hanten and Ramberg 1988, Tre-
dinnick and Duncan 1988). Rodgers
and Berger (1974), however, reported
elbow flexor torque, averaged over
midrange, to be more responsive dur-
ing eccentric than during concentric ac-
tions at angular velocities of 18,45 and
72°/s. In the present study, eccentric
torques increased slightly and then de-
creased slightly. A similar pattern has
been reported by other investigators
(Jorgensen 1976, Hanten and Ramberg
1988). These investigators, however,
did not report statistical tests on the
torques at different angular velocities.
In the present study, a relatively large
number of subjects were examined us-
ing a repeated measures statistical de-
sign. Although 3070 and 5% variations,
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in eccentric peak and average torques,
respectively, were statistically signifi-
cant, these small differences may not
be clinically meaningful for most non-
athletes.
Peak/Average Torque Ratio
The peak/average torque ratio ex-
pressed maximal capability relative to
typical capability within a specified
range of motion and at a specific an-
gular velocity. The present study pro-
vides initial values for healthy young
females, which might be used compara-
tively. The peak/average torque ratios
observed during the eccentric actions
were greater than those ratios observed
during the concentric actions. As an-
gular velocity increased the concentric
ratios decreased, whereas the eccentric
ratios increased. Whether specific knee
pathologies are characterized by an in-
ability to maintain high torque
throughout a range of motion, result-
ing in a high peak/average torque ra-
tio, or by a decrease in both peak and
average torques, resulting in a peak/
average torque ratio similar to that of
healthy individuals is yet to be deter-
mined. Documentation of the peak/
average torque ratio derived using dif-
ferent test procedures and in clinical
populations is required before the use-
fulness of this measure as an assess-
ment tool can be determined.
Clinical Implications
As clinicians increase their use of
computerized isokinetic devices, to treat
and to assess patients, they should be
aware of the concentric and eccentric
capability patterns characterizing
healthy individuals, and the variety of
measures that are available to quantify
these. The present study has described
a test methodology which has been
readily usable by all volunteers, and
has provided some comparative data
for healthy, young females. The con-
centric-eccentric differential should also
be considered during resisted exercises
using free weights. Since eccentric
capability is greater than is concentric
capability, a single free weight cannot
provide the same relative resistance
during both the concentric and the
eccentric phases of an exercise. Should
the patient begin their exercise with a
maximal eccentric load, they may not
be able to complete the concentric
phase. In addition, a maximal eccentric
load may increase the risk of re-injury
more than would a maximal concentric
load, because greater forces are asso-
ciated with eccentric muscle actions.
With the increasing availability of com-
mercial equipment, clinicians will have
the opportunity to provide much of the
patient related information about
eccentric capability.
Conclusions
Although peak and average torque
were highly related during both con-
centric and eccentric muscle actions,
peak torque was significantly greater
than was average torque, indicating
that the two measures should not be
used interchangeably. The eccentric
torques were greater than were the
associated concentric torques. As ang-
ular velocity increased from 45°/s to
1800 /s, concentric torques decreased
over a large range, whereas eccentric
torques increased and then decreased
slightly. As a result, the eccentric-con-
centric torque differential increased
markedly as angular velocity increased.
Muscular strength capability cannot be
described by a single concentric/eccen-
tric ratio, because this ratio varies with
angular velocity. Concentric and ec-
centric torques were only moderately
related, whether calculated using peak
or average torques, suggesting that ec-
centric testing may provide additional
information about muscle capability.
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